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(54) LINER MANUFACTURE METHOD 
(67) Abstract: 

FIELD: plastic working of metals, in particular, cold plastic deformation method. SUBSTANCE: method 
involves manufacturing two parts, pipe and enclosure, from materials with different elastic limit; 
assembling parts by Installing pipe in enclosure with space between their walls; subjecting part 
made from metal with lower elastic limit to plastic deformation. EFFECT: increased efficiency and 
Improved quality of liner. 2 dwgs 
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(54)CnOCOB M3rOTOBJlEHW5I JlEilHEPOD 
(57) Abstract: 

HcnoJib30DaHHc: o6pa6oTKa MerajuioB flaBtneiiMeM, b uacrHocTw, o6pa6oTKa Mero^OM xo/ioahoh 
nnacTHtiecKOtt j\e$opMauyin. Cym^ocrb H3o6pereHMH: ror^TaBjnmaioT roc j\trajivi - xpy6y h o6onotrKy vr3 
MaTepnanoB c paaraiHHbiM npe^enow ynpyrocTM. Co6npaioT ynoMHuyrbie rjeTajiM nyreM ycraHOBKM Tpy6bi b 
o6ojiotiKy c 3a3opoM. nocrce cfopKM ixFiacTMMecKow AafapwauwH noflBcpraioT Aerajib, M3POToaneHH>To K3 
tfeTajuia c MCHbnmM npeAenoM yrrpyrocTH. 2 mjt. 



Description (Odhchhbc H3o6peTenn5iJ: 



W3o6pereHne otuochtch k xojioahoh o6pa6oTKe MerajuioD nnacTMMecKMM Ae4>°pMMpoBanMeM M M o«ct 6wtl> 
Hcno/ib3OBaH0 t KanpHMcp, n/iH iisroroujieiiHfi JieKiicpoB lch/iwhaP ob uiTaiu^oBbix He^TKHbi* hhcooob. 

M3BCCTCH cnoco6 M3roTooncmui JieRuepoB. corjiaciio KOTopoMy TOHKOcxcmiaH Tpy6a Bcran/LHCTCB b 
o6onoHKy c 3a3opoM |1| Mew^Y Hapyranofi nooepxHocTLJo rpy6w w HHyTpetoiew nooepxHoenjo o6ojiouxm 
MMeertaa 3a30p. 

HeAOCTaTKOM npuBeAcroioro cnoco6a nonyiercfl naruiMMe 3a3opa mokay Tpy6oit m o6ojiowkom, npwBOAHmero 
k CHMHseittno jkcctkoctm /icitucpa. a o HCKOTopt»ix c/iyManx, iianpwwcp, npit Korxrroanein™ i^unnmpOD 

He<JrrHHbix Hacocoo H3 neioiepoB. 3a3op 3uawrem>ao cHHxaer KauecTDO nocneAywmeM onepainm 
ynpoMHeKHfl HHyrpcHHefl nooepxHocTw u^twnupa a30TKpooaHMCM. 

W3Bcctch cnoco6 MsroToaneiam JieunepoB, cor/iacHO KoropOMy Hapymnyio noBepXHOCTb Tpytfbr w 
BHyrpcHinoio noecpxHOCTb o6ojiomkh raroTaBmraaioT kohotcckhmh |2| He^ocraTKOM BfanneonwcaHHOPo 
cnoco6a fmrwercn to, mto oh cnowubiM b ocyu^ecTaneKWM. CnowHocTb npeAcraBJiHer M3ixrroancnwc 
conpHraeMfaix iioBepxHocreH w6o Tpe6yercH cxporo connacoBaTb o^nooaiocrb kohmmcckom BHyrpeHHew 
noBepxHocxH o6ojiomkh c KoiiMMecKow napyjKHOM noeepxHOCTbio Tpy6bi. 

TaKme H3BecTen cnoco6 loroToaneHH* /ietaepoB, connacHO KOTopoMy nocne cfopKH Tpy6bi c o6ojiomkom c 
HeKOTOpbiM 3a3opoM no conpnraeMbCM noBepxHocTHM, jiefiwep noABeprawT aBTO^periipoBaHitio (cm. raw me 
crp.38) |3| t. c. nnacTmecKOH j\<$opuauym Tpy6w c uejibio ycTpaHeimH 3a3opa uexzpy Tpy6ow h ooojioukom, 
m o/DiOBpeMemioro ynpoMHeuMtt Tpy6bi. 

HcAOCTaTKOM M3BccTnoro cnoco6a K3roTOBJi chhh jrcimepoB nsJineTcn to, mto rrpn CKperuieHHH neftHepoB 
nocpe^cTBOM nnacrw-iecKow Ae<J*>pMaijwH o^iiofi M3 j\erraJieVi JieAnepa (oGojiohxh mm TpyGbO, He 
yuHTbiBaioTCH MexaHHuecKMe cBOMcrsa MerannoB, hto He no3DOJineT o6ecnewTb Ka^ecreeHHoro. 
6e33a3opHoro CKperuieKMH Tpy6bi c o6ojiomkoh h, kzk cneACTBwe, itpmboamt k mi3KOMy KawecTBy M3AejniH b 
UenoM. 

HanpwMep, npn n3roTOBnennM uhjtmhap>ob He4>T«Hbix nrraHroBbix HacocoB H3 cKperxneHHbix jieifeepoB, r^e 
Tpy6a M3roTaaJiwBaeTCH W3 BbicoKonerwpoBaHHOM a3OTwpyeM0w crajiw. a ooonoMxa H3 HM3Koyrnepo^wcTOM 
cranit, M3-aa BbnueyKaaaHHoro He^ocTaTKa b npouecce anonapOBaHHH uk/imhapob h3 3a3opa BbmejiHioTcyi 
pa3bi. npenHTCTByioinwe HopManbHOMy nporeKaHMio npou^ecca a3cmipoBaimH, b pe3y/ibTaTe uero pe3KO 
B03pacTaer Bpexin a3OTnp0BaHH« m cwuKaeTCH KaqecTBO a3OTMp0BamiH noBep xhoctm ujuiMHApa h Hacoca b 
HenoM. 

3aAaMew M3o6peTeHU^i fmnsurrcn pa3pa6oTKa cnooo6a M3r\rroujie huh jiewiicpoB, o6ecnewBaioiAcro 
KauecTBeHHoe 6e33a3opuoe coeAtiueuMe Tpy6bi c o6ojiomkom m noBbiineime McecTKocTM jiefmepa- 

yKa3aHHbiM TexHMMecKMM pe3yjibTar AocTHraerc« tcm, mto iipw w3roTOBJicHMH /lefmepa, BKrnoMaion^ero 
M3roToaneHwe flByx act anew Tpy6w m odqjiohkm m c6opKM wx fipyr c Apyrx>M c 3a3opoM. cornacno 
H3o6pereHKio nnacTiiMecKOMy Ae<J>opMMpoBanHio noABepraiOT j\crv3Jit>. ii3roTOBJieHHyio 113 MeTanjia c 
MeHbumM npCACJTOM ynpyrocTM. 

Pe3yjibTa-roM pememw nocrajan ew iom 3a/;auM rbjihctch to, mto rrpM bo3acmctbwh Ha Rorrarib, 
M3P(rroancHHyio H3 m era/ma c MeHbOMM npeAtnoM ynpyrocru Mepe3 nee mu B03AewcTByeM iia A^ajib c 
6o/ibiiaivf npeA^JioM ynpyrorTM. 

nocne chhthh Harpy3KM B RcrraJw c MCHbnmM npeAenoM ynpyroCTM ocraiOTCH ocTaTouHbie njiacTWMecKMe 
Ae<J>opMamtM, a j\errarih> c 6onbiHMM npe;|cjiuM ynpyroCTM npwMer cboh nepBonaMajibitbie pa3Mepw m 
6e33a3opHO npuruweT k conpjrracMOM iioBepxHOCTH ynpyrow Aerarai. 

Ha 4>mt. 1 M3o6pameH cnoco6 coeA^>ci«i^ jiewnepa. b KoropoM o6o/ioMKa M3POTOBJiena m3 Meranjia c 
MeHbinMM npeAenoM ynpyrocTM, a Tpy6a M3roTOBncna M3 MeTaruia c 6ojibiuwM npeucnoM ynpyrocTH; na 
(Jiwp.2 cnoco6 coeAMHeitMH ziewnepa, b kotodom o6ojioMKa H3roToonena H3 MeTaruia c 6ojibaiMM npeAenoM 
ynpyrocTM, a Tpy6a M3roTOFineHa M3 MCTa/uia c MeHbumM npeAeJioM yrrpyrocTH. IleiiHepa M3roTaanMoaioT 
cneAywmKM o6pa30M. 

riepBOHaMajibiio M3roTan;iMi^ajoT o6ojiOMKy 1. rioc/ie 3aMepa BuyrpeiTiiepo }\i/i3M£Tp<i oGojiomkm 1 
o6pa6arbiBaiOT no Hapywjiow uoixpxHOCTii Tpy6y 2, o6ccncMWBaji rapaiiTwpoBajQibUi 3a3op wcfflAY 
^ ' conpRracMbiMM nooepxno<rrnMM. Hocne c6opKM o6ojiomkm 1 c rpyoow 2 Jieibiep nocTyiiaeT Ha onepanmo 

CKpciuieHMH. CKpeiuiciiHt! ocyuiecTO/iHeTCH nocpcACTBOM Ac4wpMai^oi oa"om H3 coiipHraeMbix A eTa/lc " 
060J10MKH 1 wjim TpyObi 2. fle4>opMauwK) mo»ho iipoBOAWTb rrpii noMOin,n bwcokmx AaiuieHMW mwAKocrw, 
ra30B, cnoco6oM kobkh. o6KaTKH. AopHOBaio/LH mjim ;n>yrvix cnoco6oB. 

Ha (fiMr.l noKa3an o^mi M3 BOJMOfliiibix Bapuai itod CKpeiuiciaiyi jieiuiepa. o kotodom oooJioMKa 1 



HoroToaneHa m MeTa/ma c MeHbranw np^enoM ynpyrocroi , a Tpy6a 2 wa Mcra/uia c 6ohl»uimm npc^cnoM 
ynpyrocTH. D npMDeAeHHOM cnynae nnacTWMCCKOM ^et|>opMau>m noABeprajor o6o/ionKy 1. An* ovoro aa 
MeraruiopemymeM ofopyAOoaimii, lianpuMep. ropw3onTanbno-pacTo^iHOM cTamte b nepT/noffiHofi 6a6ne 
H3ACJIUR, no ocw craima ycrajiannnDaioT o6KanioM micrpyMeHT c ^e<J>opMMpyiomwKa! pojiKKaxai 3. B 
creCe/ib craHKa ycTanaitJiMBaiOT onpaBxy 4, Ha Koropow nocpcflcrrooM iDTw^nra 5 aaKpen/wioT Jictincp. 

riocnc HacTpowKM ^e^opMMpyiomwx ponwKOB 3 Ha paoMep MeHbrae Hapy whopo AwaMerpa oGojkuikh (pa3Mep 
no ^e^opkCHpyiontMM panKKaxi onpc^eitHercH 3KcnepnMeHTanbH0. b 3aBwcwxocrH ot AwaMerpa jieiiHcpa, 
TcuimwHtJ ctchok oocjiohkh 1 u Tpy6bi 2 m MCxaimMccKiix caoftCTB kierajuia) pacKaTHOMy HHCTpyweiiTy 
coodmaJOT Bpaii^aTenbHoe ^BnweHite V, a nciwtpy nocrynaTenhHoe S, BbmanronoT njiacnrMccKyK) 
Ae4>opMaij>oo o6anouKH 1 h ynpyryio Ae^pManKK) Tpy6bi 2. 

B cbh3h c paamraHbtMH m tx aHMu cckumm cooitcTBaMii MerajmoB o6ojiowkh 1 m Tpy6bi 2 b oSonouxe 
npoH30HHyr ruiacTHMeciaie ^e4>opMai^HM f b pe3y/ibraTc mcto HapywHbrii w BHyTpeHHMM ^waMCTpbi 
yMeHbinaTcn. a b Tpy6e 2 npoH3oiiflyT ynpyrwe Ae^P^aHUM. r&c nocne chhtkh Harpy3RH napaMcrpw 
Tpy6w Bo3opaTOTC« b nepBOHauaribHoe nojiomeicie, npw otom. npow30MAer 6e33a3opnoe m KauecxBeHHoe 
CKpenjieHwe neiwfepa. 

Ha 4>mp. 2 H3o6pajKen o^iqi H3 BO3M0»Hbtx BapMaHTOB cKpeaneHWH ziewHepoB, n kotopom ooonoMKa 1 
H3PoroaneHa in Mexajuia c 6ajibnniM ripeAenoM yupyrocTM. a Tpy6a 2 H3 Meranjia c mchl»uimm npeAenoM 
ynpyrocTH. 

HeiiHep ycTaHaxuiMBajOT Ha npoiWKHOH cTaHOK c ynopoM b npMcnoco6jieHne 6 oahmm h3 Topuee. B 
OTBcpcTwe Tpy6w 2 bboaht onpaBKy 7, Ha Bbrxo^ b Koxopyx) BBopaxotBawT A°P H 8. JJopH no napy>KHOMy 
AwaMerpy BbinojmeH Ha pa3Mep oojibuie pa3Mepa BHyxpeHHcro n^iaMexpa xpy6bi 2. Be/aroma narnra Aopua 
8 b oTDepcrwH Tpy6w 2, Kan h b npeAUAymeM cnyuae, onpeAeJi^ercH DKcnepuweHTan biio. ripw BKmoMemrw 
onpaHKM 7 noAa™ S npon3BOAHT ruiacTsreecKyio Ae^opMaujoo Tpy6bi 2 h ynpyryio A«J>opMauKK> o6ojiomkm 1. 
npuBOAOT^x k 6e33a30pnoMy h KauecTBeinioMy CKpeaneiooo o6ojio*ikm 1 c Tpyooft 2, KaK m b npeAbiAymeM 
cnywae. 



Claims (4>opMyjia H3o6perenHJi]: 



CnocoC M3roTooncioiH jieiftiepoB, tncmoMaiomuM HoroTounciaie rpy6bi h o6anown, c6opKy mx flpyr c flpyrou 
nyTeM y ct&ho hk m xpy6b« it otianouKy c. 3aaopoM m hocj ieAywui.ee imacTHMecKoe ;jc<J>op!wiKpo panne oahom hd 
co6painn»ix fleraneii, otjtito ajonjiriiCH tcm, mto Tpy6y h o6anowy ji3roTanjinBaioT ro MeTajuroB c pa3Hbtxi 
npcfle/iOM ynpyrocrw, a ruiacrwuecKow /je^opMaiimi no^nepraioT ^trrcLTit*. nsroTotuieuuyio W3 MCTaruia c 
MCHbtnMM npcACJiOM yiTpyrocTM. 




-7. 
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(54) LINER PRODUCTION METHOD 
(57) Abstract: 

Field: Plastic metal working and, in particular, metal working by the cold plastic 
deformation method. Substance of invention: Two parts — a tube and an enclosure — are 
made of materials with different limits of elasticity. These parts are assembled by 
inserting the pipe into the enclosure with a clearance. After their assembly the part made 
of a metal with a lower limit of elasticity is subjected to plastic deformation. 2 dwgs 
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Description: 

The invention relates to cold working of metals by the plastic deformation method and 
can, for instance, be used for the production of liners for oil-well sucker rod pump 
cylinders. 

A liner production method is known, which involves the insertion of a thin-walled tube 
into an enclosure so that there is a clearance between the outer surface of the tube and the 
inner surface of the enclosure (1). 

The drawback to this method is the existence of a clearance between the tube and the 
enclosure, which results in a lower rigidity of the liner, and in some cases, for instance, 
when liners are used in the manufacture of oil-well pump cylinders, this clearance 
considerably impairs the quality of the subsequent operation — the hardening of the inner 
surface of the cylinder by nitriding. 

Another liner production method is known, in which the outer surface of the tube and the 
inner surface of the enclosure are made conical (2). The drawback to this method is that it 
is hard to use. The difficulties associated with using this method are encountered at the 
stage of forming the mating surfaces since it is necessary to ensure the alignment of the 
conical inner surface of the enclosure and the conical outer surface of the tube. 

Still another liner production method is known, in which after the tube and the enclosure 
are assembled so that there is a clearance between the mating surfaces the liner is 
subjected to autofretting (ibid, p. 38) (3), i. e., to plastic deformation, for the purpose of 
eliminating the clearance between the tube and the enclosure, and, at the same time, the 
tube is hardened. 

The drawback to this liner production method is that in joining the liner parts by 
subjecting one of them (the enclosure or the tube) to plastic deformation the mechanical 
properties of their metals are not taken into account, which makes it impossible to ensure 
high-quality tight joining of the tube and the enclosure and, in consequence, results in a 
lower product quality. 

For instance, when liners assembled from tubes made of high-alloy nitrided steel and 
enclosures made of low-alloy steel are used in the manufacture of oil-well sucker rod 
pump cylinders the gases emitted while nitriding the cylinders from the clearance 
between the tube and the enclosure due to the above drawback interfere with the normal 
course of the nitriding process with the result that the nitriding time is considerably 
increased and the quality of nitriding the surfaces of the cylinder and the pump as a whole 
is impaired. 

The object of the present invention is to propose a liner production method ensuring 
high-quality tight joining of the tube and the enclosure and a high liner rigidity. 
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This object is achieved as follows. In the liner production process including the 
production of two parts — a tube and an enclosure — and their assembly with a certain 
clearance the part made of a metal with a lower limit of elasticity is subjected to plastic 
deformation. 

In deforming the part with a lower limit of elasticity, the deforming forces are transmitted 
through this part to the part with a higher limit of elasticity. 

When the loads acting on the part with a lower limit of elasticity are relieved it will retain 
residual plastic strains and the part with a higher limit of elasticity will acquire its 
original dimensions and will tightly bear against the mating surface of the other part. 

Fig. 1 illustrates a liner production process, in which the enclosure is made of a metal 
with a lower limit of elasticity and the tube is made of a metal with a higher limit of 
elasticity, and Fig. 2 illustrates a liner production process, in which the enclosure is made 
of a metal with a higher limit of elasticity and the tube is made of a metal with a lower 
limit of elasticity. Liners are manufactured as follows. 

Initially, the enclosure 1 is produced. After measuring the inner diameter of the liner 1, 
the outer surface of the tube 2 is machined to ensure a guaranteed clearance between the 
mating surfaces. After assembling the enclosure 1 and the tube 2, they are joined. This is 
done by deforming one of the mating parts — the enclosure 1 or the tube 2. Its 
deformation can be effected by using high-pressure fluids or gases or by forging, 
spinning, mandreling or other methods. 

Fig. 1 illustrates one of the possible versions of the method for joining the liner parts, in 
which the enclosure 1 is made of a metal with a lower limit of elasticity and the tube 2 is 
made of a metal with a higher limit of elasticity. In this case, it is the enclosure 1 which is 
subjected to plastic deformation. To this end, a spinning tool fitted with deforming rolls 3 
is mounted on a metal-cutting device, for instance, it is secured in the swivel workhead of 
a horizontal boring machine. Mandrel 4 is secured in the machine spindle, and a liner is 
mounted on the mandrel and fixed thereto by means of pin 5. 

After adjusting the deforming rolls 3 for a dimension smaller than the outer diameter of 
the enclosure (this is done experimentally according to the liner diameter, thickness of the 
walls of the enclosure 1 and the tube 2 and the mechanical properties of the metals used), 
the spinning tool is imparted a rotary motion V and the liner is imparted a translatory 
motion S with the result that plastic deformation of the enclosure 1 and elastic 
deformation of the tube 2 are effected. 

Due to differences in the mechanical properties of the metals, of which the enclosure 1 
and the tube 2 are made, plastic strains will develop in the enclosure, whereby its outer 
and inner diameters will be reduced and elastic strains will develop in the tube 2 and after 
the load is relieved the tube will acquire its original characteristics, the result being that 
high-quality tight joining of the liner parts will be effected. 
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Fig. 2 illustrates one of the possible versions of the method for joining the liner parts, in 
which the enclosure 1 is made of a metal with a higher limit of elasticity and the tube 2 is 
made of a metal with a lower limit of elasticity. 

The liner is mounted on a broaching machine so that one of the liner ends abuts against 
fixture 6. Mandrel 7 is inserted into the tube 2 3 and broach 8 is screwed into the end of 
the mandrel. The outer diameter of the broach is one size larger than the inner diameter of 
the tube 2. As in the above case, the interference fit of the broach 8 in the tube 2 is 
determined experimentally. When a feeding motion S is imparted to the mandrel 7, the 
tube 2 is subjected to plastic deformation and enclosure 1 is subjected to elastic 
deformation with the result that, as in the previous case, high-quality tight joining of the 
enclosure 1 and the tube 2 is effected. 
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Claim: 

A liner production method which consists in producing a tube and an enclosure, 
assembling them with a clearance and subsequently subjecting one of the assembled parts 
to plastic deformation and wherein the tube and the enclosure are made of metals with 
different limits of elasticity and the part made of a metal with a lower limit of elasticity is 
subjected to plastic deformation. 



Drawings: 
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Fig. 1 
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Fig. 2 
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